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Al)stract

A conceptual attitude control subsyste]n  dcsigl, for the ]’luto  Fast Flyby  s~)acccraft is describecl.
Mass, cost, schedule and pcrfor)na]lce,  a~)])roxilnately  in that order, drove the mission, spacecraft,
m well as the attitude control subsystmn  dcsig]l. ‘1’IIc paper discusses the key mission requirements
i]npacting the attitude control subsystem dcsigrl, a.. well as the important subsystetn  trades. l’he
spacecraft is a three axis stabilized vehicle usi]lg cold gas jets for attitude control and hydrazine
thrusters for trajectory correction maneuvers. Attitude determination relies heavily on a low ma.ss
star tracker capahlc of dcterlnining attitude by pointing anywhere in tllc cclcstial  sphere. q}acking  of
planetary features with the star tracker I[lay also be desirable. A small l]lcrtial }tcfercnce IJ]]it and a
sun sensor  will accompany the tracker to coxnplcte the suite of conlpo]le Ilts for attitude dctmxni~lation.

1  INTROI)lJC~IO_N

q’hc ccmceptual  desigl[  of the attitude control subsystmn  for the }’]uto I’ast Flyby  spacecraft is described.
q’his  dcsigll  is a result of a. continuing study at Jet l’ro~)ulsion  laboratory on a very small spacecraft
(under 150 kg) for a mission to Pluto, t}~e one planet ill the solar system  yet to be explc)red  by robotic
spacecraft. Of various studies that have, bCCII done for spacecraft to fly past l’lute, this marks the most
coInplet.e  study yet  for a spacecraft solely  dedicated to a flyby of that planet. ‘i’wo spacecraft, each witli
intcrnzd hardware redundancy, are to complete fast flybys of Pluto and its moon C}laron following direct
t,rajectorics  from l;arth. The science instrummlts  i]lclucle  visible, infrared and ultraviolet i]nagi]lg devices
(visible i~naging  is intended to provide 1 km global resolution), as well as a radio science clevicc  to be
used ]Icar the time of I;arth occultation. ‘ilc year  following  each flyby will be used to clowllload most
of the data gathered during the planetary encou]lter, q’he ]nission  for each spacecraft is expected to last
under 10 years.

III section 2 we give a description of the l’luto-CllaroIl  system, followed iIl section 3 by a brief discussion
of past l’luto  flyby studies. Section 4 c]isc. usses the missio]l  scc]lario a~ld ]nissio]l  coIlstrai~Its, a]ld Scctic)~L
5 briefly covers the spacecraft itself. ‘1’he attitude control requirclncllts  and design are covered in ScctioIl



6 and the attitude clcterlnillatio[l  function is discussed ill ScctiolI  7. Ilardwarc rcqllircl[lctlts  and .Wl[lcof
tllc algorithms Ilewlcd  for attitude co[ltrol software arc toucllml 011 ill %ctiotl S. (;o[lclu(lill.g  reIllarks are
IIladc  irl Sec. tic)Il 9.

2  _THI~ l’I,U’J’O-CI-IAI .{,ON SYS’I’12.M

]’luto is norlna]ly  the planet farthest froln the sun during  its 248 year  orbit, but since 1979 it has lmc]l
inside the orbit of Ncptulle , rcachil]g  perihelion in 1989. IIy 1999 it will OIICC again be the o u t e r m o s t
~)lallet,. I’or several years around  perihelion l’luto  has a tct}uous a.tmospl~crw,  wl~icl~  will cvclltuall-y  collapse
as it Inoves outside the orbit  of Ne~)tune. By 2020 it is ex~)ected  that l’luto’s atrnos})herc  will lIave largely
condensed .  IIccause  of the tcunporary  nature of its atlnosp}lere  and the fi~ct  that ]’luto  has yet to be
ex})lored,  a flyby missic~n  to }’lut,o  appears attractive.

l’luto  is somewhat smaller than Earth’s moon (the radius of l’luto  is 1150 kln colnpa.red with the
]noon’s radius of 1740 km) and itself has a moon Charon  about half of the diameter of l’lut.  o. 11’rom l;arth
ba.scd observations [I],  it appears that Neptune’s lnoon ‘1’rito~l is our best model for l’lute, while Charon
lnost  closely resembles the Uranian InOOIL Ariel. ‘J’he selnimajor axis of Charon’s  orbit is 19640 km and
Cha.ron  orbits  l’luto every 6,4 days, the same as l’luto’s  rotation period.

l’luto  is believed to be 70% rock and approximately 30% water ice with a. thin )ncthane ice surface.
Its color is cxpectcd  to be pinker than Triton,  but  not as rcd as Mars. l’luto also has dark mare-sizecl
surface markings. Charon apparently o]ily  has a water ice surface.

3 S OM~ _PA ST_P~~OPOSA1.S_l~QR  MISSrONS T O  ~~I,UTO

Several missions have been proposed to Pluto in the past. ‘1’he original scenarios for a Grand ‘Jbur [2] of
the outer planets called for a flyby of ]’lute, and  lnore  rec.elttly, studies done at Jet l’repulsion laboratory
in 1990 and 1992 examined flyby missions lastil[g  14 years with 500 kg spat.ccraft. l,awrc~lcc I,ivcrmore
Naticma] I,aboratory  rcccntly proposed a 30 kg flyby spacecraft relying on high energy density batteries
aIld a small solar array for a spacecraft that would be quiescent duri]lg most of its 5 year mission.

Most of the spacecraft proposed for l’luto flybys  liave bee]l  three axis stabilized [3]; however, a
Inoclifrcation  to the spinning l’ionecr  spacecraft had beerl  proposed for a Gra.lld  ‘J’our  including a flyby of
}’luto [4].

4  MIS SI_ON. S_~lWN_ARIQ .AND CONS.~RAINTS

Mass, cost, schedule and performance, approximately iri that order,  drove tllc InissioIl,  spacecraft, as well
as the attitude corltrol subsystem desigrl. IIlcleed, the original design goal called for a 35 kg s~)acecraft
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to Illak(’  ii fi~St  {Iyby O f  I’llltC). I t  sooII Lccanle o b v i o u s  tlIat a II)OIC [Ilassivc  vcrsioll  of tlIc sl)acecraft,
iilcll]{lillr;  rcdllll(lallc.y,  w o u l d  be neccssar.y  to Il)cvt tile Inissioti  g,c)als witllirl ii cc)llstraillc(l  I)u(lgct.  (~osl,
;III(I sclIc(l IIle will I)e [Ilelltiolled br ief ly  ag;ain in t}lc co[lcll{sioI1.

‘J’lIe present Inissioa scenario to l’lute) calls for at 1~’ast a6.5 yc’ar, but no grc:itcrtliarl 8.5yc~ar  direct
trajcctc)ry  to l’]uto  with a flyby at a relative speed to the plallct  of approxilnatc]y  15 k][L/s. Sec 11’i$;ure  1.
Six IIlontlls  prior to closest approach visible il]lages  frolll the l’luto l’ast l“lyby s~)acccraft  will begin to be
su})crior  to those  from the ]Iubble  Sl)a.cc  ‘J’CICSC.OI)C. l)uliliga  ~)}jr{)acll,  botllsi(lcso  fl’llltc,tvill  bcima~;ed;
IIowcvcr-, the detailed  mosaic done abc)ut an hour  and a. half prior to closest apprcmch will only be of one
side,  while detai led ilna,ges  of the otllcr  side will be I[lade  during the flyby  of tile sccolId  sl)acecraft. See
l’i~;urc ‘2.

Only four scicncc instruments will be on board the spacecraft for the flyby: visible imaging, infrared
arid ultra.vjolct  s~)cc.trolnctry  c.amcras,  as well as a radio scicnc.e  expcritncllt. ‘1’llC’ visible CC]) ca]rlcra
has a. 750 Inm focal length, a 75 xnln aperture, with a 1024 x 1024 array of 7.5 /1711 ~)ixcls giving a 10
/17ad resolution. Rxposurc  time will bc about OILC sccolld. A secondary objcc.tivc of the missic)n  is to
do satellite searches of l’lute, wbjch might require  15 second expc)sures. ~’he i]lfrard s~)ectromcter  will
use the same fore optics as the visible imaging camera and will have a 256 x 256, 40 pm pixel NICMOS
llp;Cd’1’c array.  Exposures may bc as long as five seconds. q’hc ultraviolet spectrometer will be a se~)arate
instrument working in. the 55 - 200 nm wa.ve]ength  range. ‘J’he radio sc.icwce  experiment will make use of
all ultra- stab]c  oscillator incorporated illtc)  the tclccolrllllullicatic)lLs  sutxsystcm.

‘J’he imaging data near the time of closest approach will at a minimum include a 3 x 3 )nosaic of l’lute, a
2 x 2 lnosaic  of Charon and one ilnagc,  possibly near the terminator, of l’luto at closest approach. Closest
approac}i could range from 15,000 km to as near as 5000 km above  l’luto’s  surface, ‘J’hc angular separation
betwcc]l l’luto  and Cha.ron at the completion of tbc Charon mosaic a.n hour before closest a~)proacb  will
bc about (3.8 clcgrces  for a 5000 km closest approach. One way light time at the l’]uto  cnlcount,cr will be
about  four hours. l~uring  the year following clcxcst  a.p~)roachj  the stored scicllcc  data from much of the
cllcountcr  will be sellt back at a ra.tc of 40 bits pm sccolld.

‘J’hc c}langc ill velocity (AV) recluircd to bc cxecutcc]  by the spacecraft during the cruise phase of
tllc lnissioll  will bc highly dependent on the accuracy of the filial  solid rocket motor injection burns soon
after separation frol[l  the ‘J’itan  lV-Celltaur  launch vehicle. The Sta.r4811 and Star 27 solid rocket n)otors
have Lecn basclined  as the upper stages. (The ltussian  ]’roton  is still  an option for laullch).  l’or planning
purposes, the first trajectory correction maneuver will be 125 n]/s on day 20 (lasting no longer than 40
lnillutes  including time needed for off-pulsing of the AV t}lrusters)  with the second trajectory correction
lI~al~cuver of 125 In/s  occurring within 10 days of that. ‘J’he relnaining  100 ]n/s will be expcmdcd  over
tllc course of the mission, with the final trajectory corrcctio]l  Inallcuvcr  occurring 5 clays prior to l’luto
closest approach. Otherwise, the cruise period will be relatively quiescent with s})acec.raft to }’;arth
cc)ll~lllullic,atiolls  O] ICC pcr week for eight hours.

‘J’he near encounter period with Pluto and its n]oon Charoli  will only last a fcw hours during  which
lnost  of the visible and infrared images will bc taken. A maximum ]inc of sight angular- velocity of 0.153
deg/scc. is cxpcctcd  for a closest a])proach  of 5000 kln to the p]anct.  Ultraviolet spcctromctry  and radio
wave and  Sun occultations by I’luto’s  atlnosplLerc will also be conducted cluri]lg  this ~)hasc of t}lc mission.
‘1’lle  goal is to l]avc jlllaging  cluality  at the }’luto  flyby match that met by the Voyager 2 spacecraft during
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l’igure  1: l)ircct trajectory to l’luto

its 1989 Ncptu]lc  el(c.ou~lter.

Given the desired pointing requirelnents, to be dcscribcd  below, a three axis stabilized s~]a.cccraft
appears to be the clesired option [5]. A mo~nentum bias or dual spin spacecraft is too coxnplicatcd,  while
a spillning  spacecraft with scanners would IIot adequately meet the sc.icllc.e  needs of the ]nission  and not
bc able to execute the quick sequence of maneuvers required for a fast flyby of the ~)lanot, ‘1’he }’luto l’ast
l“lyby  ILas been classified as a Class C mission with selected upgrades to ensure  successful corn~)lction  of
a potelltial]y  10 year mission. See l’igurc  3. ‘1’he wet mass of the present spacecraft desig~~ stands at just
over 164 kg. Judicious application of low mam  advanced technology may drive the ]nass closer to 120 kg.
Scw [6, 7, 8, 9] for more details on tile cvolutic)~l  and status of the presmlt  spacecraft design.

‘1’he spacecraft components will  be desigl~ed  to withstand radiation with a tc~tal  ionizing  dose of 17
kltad  (Si) over a 10 year mission. l’or thcr]nal  reasons, IIear 1 AIJ the sl)acccra.ft is expected to point the
antc]llla. toward the SUIL. Spacecraft attitudes perpendicular to t}lc SUI1 would be lilnitcd  tc) no more than
15- 20 IIlillutes.  Solt~cw}lere  along the trajectory between  Ju~)itcv  ancl Satur~l, ~)ointillg  will begin to be
unaflectccl  by solar thcrlnal  c.ollcer]ls.

G ATTITUDE CONTIK)l, REQUIREMENTS AND DESIGN-—. . . . . . . . . .

l’our of the l’luto  l’ast l’lyby  opcratiolial  Iliodcs  give four differcmt attitude control rcquirclIlelLts.  All
requirc)llents  will be 30 values unless stated otllerwisc. ‘1’hc trajectory correction Iliarleuvc’rs  require that
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tllc Iiet  ~JoilLtillg  error t)e no greater  tha IL 36 lnrad for a t~urI1. l)urillg  c,rllisc,  a ~)oi[ltillg  d(’adllall(l  Of  at
l e a s t  :1 2..5 d e g r e e s  i s  i[nl)osed 011 tllc sl)acecraft toc[lsurc that  coin  IIIan(ls CaII he ul)lill!iml  at. aIIy  ti[lle.
‘1’IIc dowlllillk 011  tlic X-ba~Id  ].5 In l)ara.bolic  alltc[lna r equ i r e s  I)oilltillg control w’itllill 1.36 ll~rad.

‘J’llc’lnost  critical })oilltirlg  rc:qllirelllellts will ofcc)(lrsc c)ccllr  clllrillg  tll(’f:ist fly byc)f I’lutoa]l(l Charoll.
'J'llegoal isto IliatclL tlicl)oiI~tiIlg ktlc)\vlcclg~a Ilc{cc]Iltrolca  1)abilities  \Iletl)y Vc)yagcr 2il\its 11~c)stcliflic\11t
axis during  tile Ncptu Ilc flyby. ‘J’l]is  will nleaII  1.5 mrad })oilltillg  Ii IIowlcdge  aIId 2.5  Inrad ~)oi~itillg  control
(2 .0  mrad a])])cars  to bc achievable and so will bc taken as the rcquirernc]lt)  and a peak to ])cak  stal)i]ity
requirelnclli. of 10 prad  over 1 second. ‘1’hc poilitiltg  rcquircnlclits  fc)r va.ric)us ])hascs  o f  tile Iilissioll  are
listed in ‘J’able 1.

IIccause of the low Inass and i]lcrtia of tllc spacecraft ,  control  wil l  ncwd to bc do]ie tvitll  ~)rccision
reac.tic)n  wheels, or thrusters with very small i]npulsc bits. A lower bound for tllc slnallest  lnoment  of
inertia a.bclut any axis at the tilne  of closest approach is 5 kgllt 2 . IIccause  of the po~ver needs of reactic~ll
wllecls  ancl  the extra complication they ~)rovide because of their ]nechanical  and electrical lla.ture,  it was
desirable to find reaction control thrusters that C.OUIC1  bc uscxl for attitude control.

Cold gas (gaseous Nz) thrusters do exist with a small enough ilnpu]se bit to lncet  the peak  to peak
stability rcx]uircnnent  with a 0.2 m to 0.25 In lnoment  ar]n. ‘J’hcse thrusters have a thrust of 0.01 N and
can be on for as short as 0.01 seconds, giving an irnpulsc bit of 1 x 10 –4 Ns. ‘J’he  nlaximum  turn rate for
a 90 dcg turlk  will he about 3 minutes. q’he molnc~lts  of inertia slid thruster irnpu]se bits of the ]’luto
l“ast  l“lyby spacecraft arc about two orders of Inagnitudc  s~naller  than those of the Voyager spacecraft.
Note that the Voyager spacecraft also had  a scan platfcmn  that was usecl for imag;e  mosaicing;  however,
the Inost  successful image  motion colnpmlsation  011 Voyager was do][c with the tl(rustm-s a.lld ILot its stall
platforln.

III order to meet the stability control requirements during the mosaics of l’luto  and  Cha.ron,  goc)d
models of both the i]iert,ias  of the spacecraft, allcl the I,hrust,er  impulse bits will be rcquirecl. ‘J’hesc I1lOd I?k
will dictate the thruster firi~lg pattmvl  while not. usi~lg  a possibly IIoisy gyro which lnight  disrupt tl[c
slllooth  i:na.ging. ‘1’hc settling time required at the end c)f a slew is uncertain at this tilne;  however, with
no booms o~i the spacecraft arlcl  a. low alnount  of fuel at the tilne  of the micoullter,  tllc  scttlillg  time  is
expected to be around oile minute.

llccausc  of a high leak rate specified on the cold gas systmn,  a cold gas bottle ~na.y also be required
to replenish the iV2 in the propellant tank. A total of 16 - 24 cold gas thrusters will be used on the
spacecraft, including some larger ones for roll control during the trajectory correction maneuvers. ‘J’hrec
4.45 N hydrazine  thrusters will be used to ilnpart  the AV, with three backup thrusters giving a total of
six hydrazinc  thrusters OIL the s~)acecraft. ‘J’hrust vector co~ltrol during trajcctor-y  correc. tiol L ~naneuvers
will bc provided by ofl-pulsing  of the hydrazinc  thrusters.

1 lccause  of the severe mass constraints for the l’luto  IJast l’lyby nlissioll , it was imperative to have as low
a ]nass attitude determination systmn  as possible. ‘J’herefore,  it was obvious that all ]Iiertia]  Reference
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2.0 Inrad . . .

‘l’able 1: Attitude control subsystem (ACS)  rcquircmients  for various phases of the lnission.



com~)orlmlts
s t a r  tracker (2)
ll{lJ  (2, 3 axis)
Surl  scllsor (2)

valve drive electronics (2)
1/() clectrollics  (2)

~’otal ‘“

Mass (kg)
0.60
0.40
0.20
1.0
0.5
2.7

l’ower (each, watts)
3 . i-

6.1
0.05
().5
1.0

11.4.5

‘l’able 2: Mass and pc)wcr goals for ACS coln~)onellts

tJnit (IRIJ)  like the }“ibcr Optic l{otatiolL System proposed for a l’luto  study ill 1990 with a mass of 10
kg was ]Iot, a viable opt.iol~.

l~ldccd,  if a low mass IRIJ was called  for, it alsc} lncallt  that it would Inost ccrtairlly  be substalltia]ly
below navigation grade. q’his implied that most of t}le attitude dct,erlnina.tion burden  would have tc, be
placed  OJI the star tracker. It also implied that the s~]acecraft could not be prc)pagating  attitude oli an
1 lLU for long without incurring large errors. ITI addition, the short tilnc  of the flyby sequmlce  of mcmaics
ar~cl occultations requiring quick turn maneuvers precludes being  able to turn to t}le sun and  a star for
a~l attitude update as was done on Voyager (and took u~) to 20 minutm). ‘J’hc lack of a scan platform
also precludes keeping on sun and a star while simultaneously doing science. All of these factc)rs  lCC1 to
the desire for an all-sky star tracker which COUIC1 be pointed  at any point in the celestial sphere, and in
a matter of a few seconds, but no lnorc  than a ~ninute  be able to determine the spacecraft’s a,ttitucle.

A 1.5+ M1l’S central co]nputer  resource with 1+ M byte processor melnory  will be available for the
star identification and attitude ca,lcu]a,tion.

8 IIA..RDWAIUJ;.. A1>1S..S Ql??1_3!VAEE  .YX.JNC.TI.ON s

III this section we present some of the hardware rcquirelnellts  fc)r the star and feature tracker, the ll~crtial
ltefere:lc.e Unit and the sun sensor for the Pluto  F’ast }1’lyby attitude control subsystmn.  We also briefly
Incrltioll soIne  of the functio]ls  of tile valve drive elec.trollic.s  a.]ld input /output  (1/0)  elect rollicks. S o m e
of the algorithms to be included in the ACS software are listed, A block diagraln of the attitude control
subsystem is SIIOWIL in ]1’igure 4. we sulnmarizc  in ‘J’able 2 mas slid power estimates of possib]e  hardware
for the attitude control subsysteln. ‘1’he table does ]lot include the mass estilnate  for any cables or
colincc.tors.

‘J’he star tra.ckcr obtains star data to su~)port  attitucle  dcterlnillation  functions, sometimes ill con-
jullc.tioll  with the llLIJ.  q’wo trac.kcrs  will be flown 0]1 the s~)acec,raft  with one as a redundant spare. q’he
accuracy of xncasured  star cclltroids  shall bc lCSS tha)[ c)r ec]ual  to 200 prud (la) for spacecraft roll rates
less than 0.3 deg/sec.  ‘1’})e tracker shall have a ]nass less t,llan .500 grams and coIlsumc 5 watts ]naxilnu~n



~)owcr at -~ 1 5  V1)C. It SI1OU1CI  a l s o  b~ a b l e  t o  sllrvivc 15 Iuinutcs  cx})osure  to tile suli allywhcrc ill tile
field of view. ‘1’lle tracker lnay also bc used  for feature tracking at l’luto closest al)l)roacll.

A]i iluportant c.ol~ccrli  to be a d d r e s s e d  f o r  tlic elllcrgil~g  lnilliature star trackers ,  sc)lne of w]lich am
widc~ field of view with fiber ol)tic field flattc~llers, is their al)ility tc) operate  colltillllously  for a 1 0  y e a r
[tlission. ‘J’hc possibility of usi]lg the tracker as a SUI)  smlsor also exists if intcgratioli times can be lnade
sllc)rt  etlougll.

8.2 ]NII:}L’I’l A 1, ]{.lI;lI’I’;ll.lI: NCII: IJNlrl’

‘1’hc II[crtial  ltcfcrelice  Uliit  (lRU) is not expected to be on for rnorc than 1000 llour.s  clurillg  the entire
lnission.  A particularly attractive optio~l  for tile IRU a~)~)cars  to be tllc l,ightwcigllt  Attitude I{efercncc
lJnit  (I, ARIJ)  based  on ]Ioncywc]l’s  GG1308  Ring l,ascr  Gyro. ‘J’his  unit has a mass of 208 grams, J)c)wer
ilLput  of 6.1 watts and can tolerate a maximum input  rate of 2000 cleg/sec.. ‘J’hc bias  stability is 2.9
dcg/hour  (1 a) after 16 hours of temperature variation, and has a rate white noise power  spectra] density
of 1.2 x 10-9 rad2/scc. Life issues to be addressed ilLcludc  outgassing  and lnirror  pitting.

8 . 3  S U N  SII:NSOR

A sun sensor could be used in both locating the direction of the Earth during an emergency and helping
to determine the spacecraft inert.ia.l orientation in two axes. Mass and  power goals for the sun sensor arc
listed in ‘l’able 2. The sun acquisition field of view is 4-30  deg, with the control field of view being 410
dcg and  a control accuracy of + 0.5 deg. ‘J’he  sensor will need to be operable out to 35 AU.

11’cw details have been worked out for the valve drive electronics or 1/0 electronics designs.  ‘J’hc  va~ve drive
electronics are to provide control for the thruster valves and  heaters while at the same tilne  providing
clcc.tronic isolation against stray signals, ‘J’he 1/0 electronics shall, among  other  tasks, selld and  interpret
lncssages,  interpret commands, send commands and prcwide for a clelay  of col[llnand  execution.

“J’he flight software is most likely to be written iII the C ~]rograln?ning  language and will operate in the
central coxnputer  rcsourcc.  Some of the ACS algorithms to be cxccutcd  in the computer include:

● SUII search

● Sun acquisition
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●

●

●

●

●

●

star  I)attcrrl iclent, ificatic)n

star cc~lltroid  CiLICUliLtiOll

attitude quatcrrliolj  calculation

illcrtial at t i tude propagation

att i tude corrcc.tiolj within clcadbaljd

target motion colnpcma,tion

off-pulsi]lg  attitude stabilization for trajectory correctiolj  Inancuvcrs

fault nlarlagcnlcl[t

s})acccraft turns

IILU calibration

Su]) sensor calibratiolj

star i,rac.ker  calibration

!3 _~.o.Ncr<usI.oN

2’}lc Pluto Fast Flyby  study is proceeding at an ever rapid pace with the goal of launching a small
spa,cec.raft  to l’luto  before the decade is over. A tec}lnology  freeze  will occur in A~jril  1995 with the new
start slated  for October 1995. A )aunch  M early  as February 1998 is contemplated with launches possible
every l’cbruary  in succeeding years. ‘1’lJc goa~ for the project is to control costs through laullch  +- 30 days
to less than FY9’2 $400 million.

~’he present spacecraft design baseline is being moclificd with refinements in the deSiglj,  and advallccd
technology insertion in selected areas to reduce  the total  )nass of the spacecraft to 120 kg from 164 kg.

!J’his paper presented the conceptual attitude c.o]ltrol  subsystem design for the l’luto  Fast l’lyby
spacecraft. q’ha.t. design has responded to the desire to )ninimize  the mass and cost while presenting
viable options to meet the stringent demands for a fast flyby of o]lc of our outermost pla~Lets.
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